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This Is a Quarterly Report of kesL°' g accoLrlished during the perio. 10

June 1957 through 9 September 1957 for Plcad.lnny Arnenal under suppkentented

Contract DAI-19-020-501-ORD-(P)-58 and is designated NNC-Q- 2. The t rat

four Quarterly Reports under this contrct. ?M-Q-1 through NN-Q-4, dealt

with free-air biast testing and are summ.arized in Nationails Summary Report

NN-P-34L. The fifth and sixth Quarterly Reports described the work on various

RDX systems. 'his work Is summar!zed in :he sixth report for Sept-mber,

October, November 1956. NN-Q-. The seventh and eighth Quarterly Reports

describe preliminary determinations for our crrent investigation of velocity of

detonation in varied explosive systems,

National Northern Corporation gratefully acknowledgos the g;. ,ance and

assistance of Pleatlnny Arsenal engineers in this investigation.

2. 0 OBJECT OF TESTS

The task assigned under this contract, as supplemented, !e a survey of

varied explosive syetems for the purpoca of determining any change in detona-

tion velocity with changes in altitvd. charge diameter, and degree of confine-

ment.

3, 0 CHARGE DATA

3 1 To survey possible changes in behavior of varied explosive systems

vith changes In altitude, diameter of explosive column and confinement Uf ex-

pkA:tve column, a number ot specific conditions have been taken as starting

points. In each combinatton of conditions, five measuremens of the detonation

velocity of the explosive system will be made.

3 2 The explosive systems Included in these tests are TNT, H-6, 70/30

RDXrNT, 70/30 HMX/TNT and M37.-2-t



3. 3 These systems are measured at ground, 30. OC, 60. OnO. ard 90, C00

feet fsimulated atttude).

3. 4 These systems are tested in cylindrical columns, one and two inches

In diameter. eighteen and seven inches tong, respectively. These represent our

estimates for the maximum explosive weights that can be tolerated In our altitude

chamber.

3. 5 These eiplosives, with the exception of MOX-2B, are measured for

detonation velocities in two conditions of confinement. In one case, no confine-

me-it Is used, and in the other, one-quarter-inch-thick steel tubing of appropriate

Inside diameter MOX-2B will not sustain detonation In unconfined columns of the

two selected diameters and an increase In diameter is not considered fee-__ible. To

Increase diameter would require reduction in length of column to maintain maxi-

mum charge weight al:owed in our chamber. Columns shorter than those now

used would cause our experimental errc 'o be too large.

3. 6 Subsequent to initiation of our firing program, we found that we were

not able to detonate unconfined TUT completely in the two selected diameters.

Thisi is noted in the datat tables, following.

4.0 TEST EQUPMENT

4. 1 The mc3eturement of detonation velocity is accomplished by insertion of

electrical probes at measured points in the explosive column. These probes, with

aseociated circuits, generate a sharp, high-vo.tage pulse (rising to approximately

300 volts in 0. 1 microsecond), These pulses are used to operate start/stop circuits

u.a af electronic counter-chronograph. The electronic counter-chronograph used

is the Potter Model 471 operating at 8 megacycles.

4. 2 Tests at simulated altitude are accomplished in our chamber. The

charmber has approximate insidc d -mrnPicn, ... 1.4x9 feot and may be evacuated

I



t.o alroriyna'eiy 120 MM0 We. 3 -iau. tv a- Knan (t)-7F0 %-2ca2m P'.=

runi ny a f orty ho.apvver electr!ic mctc- T:i-s -.eata rim at ze-o :Alv'4

I-egroaid"I were accomplished at car ftaiaz T.stlng Pange.

5.0 TEST ]RESUL.TS

5. 1 The tablos foliowtmg include :1; of-!.he d-pta obtse-ued to ate. In ths

tabl.is. denrnty is deternuined by dtvid-tr~ the nct! -wght 0! Onrpv by the. calegla-

ted vobumen of th-! !w' siGs-m-clarge. The 13'K1" eylinder is calculated to

tave a vo!urui of 22" cubir~ ceattwete-s wid the c*2 ylinder a volume of 30

cubic centimetert.

Avcr.-Wr V~ easured Velocity
Charg' Meu~ur -, Time of

AfLtuie P'enalty Segmen, im~icro- Detavnation
-;oeti il/c (mete' aeco-idsb .meters/zecondl

11.6. unconfined. In o e-1--ru ila'neterr ccl-n.

Ground L180 .302 41-1 7350
0760-764 1.78 .295 41.1 7180

mm. Hg.) 1.79W 30 ~ 40. 9 7410
1. 81 305 40 9 7460
1 8 C .303 41 1 7370

Vk-erj~e Vn~lofIty 7150

30.000
;22f. rnm. Pg. 1 1.81 .30.5 404 7550

1,79 .30M 41.3 7310
1130 .302 40.9 7380

181 .305 40,9 7460
1.80 .305 41.6 7330

Ave:*age Veloceity 7410

60.10)O
-,W Imm. Hig. 1 1.80 .302 39 3 7680

1. 79 305 40 6 7510
1 79 3M7 40 4 7480
1. 80 . 30 41 1 7370
L179 500 40 5 7410

..verage Veo~" - 7490



Average V,.tt
Charge Measured Measured of

Altitude Density Segment Time Detonation

(fet) ns/cc meters) (v) (meters/second)

N-6, unconfined, in oae-inch diameter column. :Cont'd)

90,000 1.78 .302 41.0 1370
,13mm. Rg. 1 1.78 .302 41.0 7370

1.80 .302 42.1 7170
1.79 .30 40.6 7490
1.80 .239 41.4 6980

Avertae Veocty 7270

Avel'f Veloct,_oI 7380

.6, umeaufed, in two-inch diameter column.

Ground 1.83 .099 14.0 7070
(760-704 1.77 .100 14.5 6000

min. Hg.) 1.84 .102 14.8 6890
1.75 .102 15.1 67ED
1.81 .100 14.8 6760

Average Velocity 6870

R-6, confined in 1.- inch-thick steel tubing, one inch diameter explosive column.
4

Ground 1.72 . 305 42.0 7260
(760-764 1.72 .305 42.0 7260
mm. Hg..) 1.72 .303 42.0 7210

R6 confined in Linch-thtck steel tubing, two-inch diameter explosive column.
4

Ground 1.78 .102 13.9 7340
(760-764 1.78 .102 13.9 7340
mm. Hg..) 1.78 .102 14.4 7080

1.77 .102 13.6 7500
1.78 .102 13.7 7450

Svemn eVelocity 7340

TNT, unconfined, was not sucessfully detonated In either chirge-dameter or at
any ambient pressure.

TNT, confined in 1 - inch-thick steel tubing, one-inch diameter explosive column.

Ground 1. 55 .305 44.7 6820
(760.76' 1.59 .305 44. 5 6850
mm. H.) 1.61 .303 44.7 6780

1.60 .304 44.7 6800
1.62 .305 44.5 6850

Average Vol ociy 6820



S--5-

! - o".*4- :-):)* . inpejit. w o v. i.. d is-,; r cdj2n:,

.4 crage M eaau.ed Velocity
Chlr;e .pasure," Time at

Alttuie .n.0i:'ty Segrent (micro- Detonation
'f.fst g.Iin/cc , meterl .seonds) (meters/second%

Gr-una 1 79 305 33.- 1 8010
ftM'-764 1 72 .302 36. 1 8370
Ie'mI. Hg ' I 5R .305 37 6 8110

I 15,*-.-n" 33. 'p 7950
1 76 303 3 1 G 8060

A.c,-a Velocity 8100

66 -M

64i, L1- f4g ) 1 71 301 3". 5 8030
1 72 .305 37 8 8070

tic. MY~.

13 il', fig.' 1 73 305 3R 1 8010
1.71 .305 38 0 8030
1. 62 302 37 9 7970
1.62 3'5 311 4 7940
1.73 3':2 37. f 7990

Average Velocity 7990

R1)'."fN'F, 701.I0 eetrin;,6 I t. 4 i-',- ..bick steel tuh;, ot,-inch diatieter
explo ive column

GIod 1 72 35 38 . 7960
,70-764 1. 74 305 38 5 7920
Mn. 11g. 1. 57 305 38. 0 8030

1.1 .305 38. 5 7920
1. 13 .35 36 4 7940
1. ,;1 305 38 1 8010
1. . 301) 38 0 8030

Averae Velocity 7970

(13 1, f l g. 1 62 ... 37 Q 8070

" 0 OISCUS)IUN OF RESUL,-T'S

ii. I The table shows decon3tion velocity determinations for uixty--two

satrles In adldition to to,,' ,.. hav." uC'e'raiied tht TNT, unconfined, cannot



be completely d3to .Itel in one or two-Inch diameter columns at ambient pressures

of one atmoschere or less. This reduces our program to 320 samples, 9liminating

MOX-2B and TNT, unconfined. at four altitudes and two diameters of charge.

6. 2 We have estimated our experimental error to be ,4 3%. maximum,

due to the following probible sources of error-

(a. I Non-uniform density In charges.

to.) Non-linear velocities over measured segment.

(c. Precision in measurement of linear distances and olapsod
times.

6 .1 Density variations within a single column are not readily detected

We are proeoeding with the testing only after each sample is inspected by X-Ray

photograohy for major flaws. Minor va-latons i.n density along the exptoo)ve

column are not readily detectable,

8. 4 Non-linear velocities of detonation occur where steady-otte re-

actiomis not established. This is usually cor rected by allowing ample "run-up"

explosive -olumn ahead of the meagued segment. In our experiments, the weight

Itmit Imposed by our altitude rhamber prohibits ample "run-up" column with the

diameters -of-charge specified. This It probably the eiqlnnation for the low velo-

city of detonation obtained with the two-inch diameter, H.-6 samples.

8. 5 Precision of measurement has been estimated at Les, than .j 1%

maximum. IWnear distances are precise within one millimeter and time is pre-

cise within one-tenth microsecond

6. The sercs completed on H-C, unconfined, in one-inch columns

gives the foUowtrng average velocities:



Ground 7350
30, 00o0 eet 7410
60.000 feet 7490
90,000 feet 7270

Average for series 7380

The ma.itrum vartation. 220 meters per second, is only 3% and within

our estimated ,..eriirmental error.

6 7 investigaticns of detonat'on velocities l.ve been extensively reported

by zhe Naval Ordnanre Laboratories. A few ,i the results repo..ted by Liddiard and

Cclebur', NAVORD 2611, ind by Donna Price, NAVORD 4510, have been selected

.or -,)mjarison with onr result.. NAV TID 261.1. September 1952. is designated

Refcrence 8 in the following table. NAVORD 4510. April 1957. Is designated

Reference A it' the following ftble.

Velc "y Confine-
af Charge Charge ment

Detonation Density Diameter (inches of Source of
Ex.losive (meter/secordh j s/ccO ,'inches) steel) Data

F-3 7240 ;1) 1 72 1.00 .250 NNC
7380 (201 1 79 1.00 none NNC
7440 1 74 1. 625 037 Ref. A.
7103 t3l 1, C;59 2.491 none Ref, B.

T NT 8920 (5) .59 1.00 .025 NNC
680 1.58 .... .... Ref, A.

RDY ,TrT 79e0 5) 1 69 1.00 none NNC
70/311 7970 t7' 1.67 1.00 .025 NNC

017 1. 69 .... .... Ref. A.

7.0 FUTURE WORK

7. 1 ,n geeri. the Axerino1nts will go ahead as planned, with minor

changes in technique and the agdOitior of one sertes of tests.

7. 2 Cur technique has been nodified, for the rest of the program, to

include X--tay e. mnaton rt itai sawpk-. before they are fired. In this way, we



intend to eliminate samples with flaws and bring about better control of density.

7. 3 We intend to add a series of control samples at varied ambient

pressures, These samples will be RDX primnacord in sufficient len.h to bring

.s up to our weight limit. The added length of explosive column and the necess-

ary "run-up" column should provide better than 1% precision for these wunles.

8. 0 MAN-HOURS

A total of 13 1. man-hours has been expended on this contract during this
2

report period.
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